gel. The second one focuses on the cooperative competition between solute-water and solute-cosolute hydrogen bonding or the strong solute-cosolvent interaction 10 . This assumption assumes that the water-cosolvent interaction is too weak to be taken into account. The formation of a stoichiometric water-cosolvent complexation is the third hypothesis 7, 11 , where it is proposed that the complexation can be considered to result in a new "compound" which is a poor solvent for the macromolecule. Recently, we ourselves pointed out that thermodynamics still plays an important role, and that a strong water/cosolvent interaction could be the origin for the cononsolvency phenomenon. Small angle neutron scattering (SANS) was used to investigate the phase behaviour of a macromolecule in a mixed solvent, and three interaction parameters, i.e., macromolecule-water, macromolecule-cosolvent and water-cosolvent were analysed according to the ternary Random Phase Approximation model 3, 8, 12, 13 . Dudowicz et al.
refined the classic Flory-Huggins theory to consider the mutual association of the solvent molecules, and they suggested that a large negative solvent-cosolvent interaction parameter should be a necessary condition for the occurrence of cononsolvency 14, 15 .
In spite of the large body of existing experimental work, puzzles remain because none of the former experiments has been able to directly observe the solvation of the macromolecules in mixed solvents at the atomistic level directly. All of the previous conclusions were made simply based on experimental observation of either the phase diagram, or the rough conformation variations of macromolecules 3, 16 . conducted at all of the four ethanol concentrations, as shown in Fig. 1(a) . The simulation boxes are about 17x17x17 nm 3 containing 520000 atoms( Fig. 1(c) ) to keep the number density of each atom type the same as the neutron scattering experiment. The MD-derived neutron scattering profiles are in a quantitative agreement with the experimental data (see The liquid water is considered as a tetrahedrally coordinated random network 19 . On average, 3.5 water molecules are located around a central one 20 . When the ethanol concentration is lower than 14.2 mol%, the positions of the first two peaks in water-water pair distribution function ( Fig. 2(a) ) keep constant, indicating that the structure of mixed solvent tends to retain its tetrahedral water structure. This is consistent with neutron scattering results in aqueous alcohol solutions by Soper et al. 21, 22 and MD simulations by
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Fidler et al. 23 . When ethanol concentration increases to 60.5 mol%, the tetrahedral structure is distorted, i.e. the second peak in g(r) OW-OW shifts from 4.5 Å to 4.8 Å . At this high concentration, the structure of the mixed solvent tends to be the zigzag structure of pure ethanol 24 , as shown in Fig. 2(b) . The average nearest ethanol oxygen-oxygen distance is 2.8 Å , and the second nearest ethanol oxygen-oxygen distance is 4.8 Å (inset in Fig. 2(b) . Similar structure variation of alcohol water mixtures had been observed by Yamaguchi et al. 25 . Taken together, these findings suggest that the presence of macromolecules in moderate concentration does not perturb the structure of the mixed solvent. The second explanation is preferential adsorption. There are two types of preferential adsorption proposed by two different groups. The first posed by Tanaka et al. 10, 26 was based on the competitive hydrogen bonding of water and alcohol to the macromolecule, while the second, suggested by Mukherji et al. 27 was due to the strong interaction between the alcohol and the macromolecule. Mukherji et al. applied an adaptive resolution scheme (AdResS) method with a Metropolis particle exchange criterion to the re-entrant behaviour of Poly(N-isopropylacrylamide) (PNIPAM) in water-methanol solution, and concluded that the preferential solute-cosolvent interaction is the key 27 . However, from the combined neutron total scattering and MD simulations, we found that preferential adsorption is just a result of cononsolvency when the ethanol concentration is lower than 60.5 mol%.
It is well known that a macromolecule needs a hydration layer on its surface to be dissolved in water ( Fig. 3(a) ). So, averaged pair distribution functions of both the ethanol oxygen (OE) and the water oxygen (OW) from the carbonyl groups of PDEA (proton acceptor) were plotted. The first peak at about 2.74 Å and 2.77 Å in Figs The formation of a stoichiometric complexation is the third explanation. Zhang et al.
used static and dynamic laser light scattering to investigate the coil-to-globule-to-coil reentrance in PNIPAM water-methanol solution. Because the compact globule state of PNIPAM appears when methanol concentration reaches 17 mol%, they suggested that a 5:1 stoichiometric complexation between water and methanol should exist 11 . Here, we can visualize "complexations" in water ethanol solution directly in Figs.1(c) and 1(d).
(a)
Heterogeneity exists in PDEA/water/ethanol mixtures, and they are not stoichiometric.
Dixit et al. studied the concentrated alcohol-water mixture (7:3 molar ratio) by neutron total scattering and also found an incomplete mixing or complexation at molecular level 30 .
Cononsolvency can happen spontaneously because of the negative Gibbs free energy change. The ternary system either gives off energy (  H < 0), or becomes more disordered We can then check the entropy change. When ethanol is added into a PDEA aqueous solution, the total entropy change must be positive. However, because water-ethanol forms complexations and PDEA is a macromolecule, the real excess entropy in the cononsolvency process is smaller than that during random mixing 36 .
Therefore, we propose the fourth view on cononsolvency, the strong water/cosolvent interaction, e. g.,  H < 0, is a necessary condition. PDEA is soluble in water via hydrogen bonding, while it dissolves in ethanol mainly via van der Waals interactions.
When ethanol is mixed in the water-rich region, Some of ethanol molecules dissolve (c) (b) inside the tetrahedral structure of liquid water because of the strong water-ethanol attraction. Others compete to form hydrogen bonding to PDEA carbonyl side groups with water, the total number of hydrogen bondings with PDEA thus decreases, and the increase of van der Waals attraction between PDEA and ethanol in the hydration layer cannot compensate it. As a result, PDEA has to collapse to decrease its surface area in waterrich region at 27 ℃ (Fig. 4(b) ). In the water-poor region, heterogeneities of water clusters distribute between the zigzag ethanol structure. PDEA re-swells because of the van der Waals attraction with ethyl groups of the ethanol molecules (Fig. 4(c) ).
In conclusion, cononsolvency is a result of strong water-cosolvent attraction. Both preferential adsorption and complexation between solvent and cosolvent are just results of thermodynamic laws. Figs. S1 to S6 and Tables S1 and S2 ps) and V-rescale thermostat ( t τ = 0.1 ps). H-bonds were constrained by using the LINCS algorithm. Both van der Waals and coulomb radius cut-off were set as 1.5nm and the long range electrostatic interaction were calculated using the Particle Mesh Ewald (PME)
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method. An integration time step of 2 fs was used. All the MD simulations were conducted on the High-Performance Clusters (HPCs) of the National Supercomputer Shenzhen Centre and High-Performance Clusters at CSNS.
The initial conformations of PDEA were produced by the "build monopolymer"
tool of the Material Studio Packages [6] . After relaxation of the initial conformation of PDEA in GROMACS, it was solvated and energy minimized using the steepest descent algorithm until convergence and then equilibrated in the canonical ensemble (NVT) for 100000 steps and then in the isothermal-isobaric ensemble (NPT) for 100000 steps before starting the production runs. More than 180 ns of data were accumulated for energy calculation in Fig. 4 and scattering profiles calculation in Fig. 1b and Fig. S1 . Snapshots in this manuscript were rendered by the Visual Molecular Dynamics (VMD) [7] . Table S2 : Number of ethanol and water molecules in the MD simulations in calculating the excess enthalpy of mixing ethanol and water without PDEA in Fig. 4(a) . Density of the water ethanol mixture were also shown. 
